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The suppression of food intake in adults by high environmental temperature has been known for years," but the influence of psychic factors in adults complicates these results. In the laboratory the relationship between food and water intake and environmental temperature has been studied in several species2' " 18, 16 with fairly consistent lowering of the food intake with heat stress.
The human infant is in many ways comparable to the laboratory animal in being relatively free of habit and prejudice. Therefore, a study of the feeding behaviour of infants may be of value in understanding the physiological mechanisms underlying the regulation of food intake in the human species.
It is the purpose of this paper to report the influence of environmental temperature on the food and water intake of human infants. A few other somewhat unrelated effects of environmental temperature on their behaviour will be mentioned. METHODS Six normal infants ranging in age from 14 to 231 days were studied with no clothing except diapers in a room of accurately controlled temperature, sound, and lighting for periods of 20 to 180 days. The same nursing personnel were constantly in attendance throughout the whole study. These nurses were motherly people and provided a fairly satisfactory emotional environment for the babies. No more than two infants were studied simultaneously so that ample time was available for individual play and feeding.
A program for complete ad libitum feeding of young infants both with respect to time and volume of feeding was modelled after that described by C. M. Davis5 and others.","7 This program consisted of feeding the infant whenever hungry and offering as much as would be taken without urging. The criteria for deciding that an infant was hungry were active crying, not abolished by holding, changing of diapers, etc., active sucking movements, and/or extreme restlessness and activity.
At each feeding, boiled water was offered prior to the milk mixture. The infant was allowed to drink as much water as desired until the nipple was repeatedly rejected and then a milk mixture was substituted. Then the baby was allowed to drink as much milk as desired until the nipple was again consistently rejected.
Bottles of water and milk mixture were accurately weighed before and after each feeding and the intake of each was determined by difference. The total intake was thereby calculated for each 24-hour period. The RESULTS Food intake. At 810 F. the caloric intake of these infants fed strictly ad libitum as regards time, frequency, and quantity of feeding was remarkably close to the accepted optimal caloric intake. The intakes for these infants for approximately 35 periods of study ranged from 90 to 154 Calories per kilogram of body weight per day and averaged 120 Calories.
To demonstrate the effect of environmental temperature, the average food intake for a 10-day period preceding a change in environmental temperature was compared with the average intake for the period (4-7 days) immediately following this change and also for a period several days (10) (11) (12) (13) (14) (15) thereafter. In general there was a consistent fall in caloric intake when the environmental temperature was raised from 810 to 910 F. (Fig. 1) , the intake averaging 105 Calories per kilogram per day. Conversely, there was a rise in caloric intake accompanying the lowering of room temperature from 910 to 810 F. (Fig. 2) . These changes were considerably less in the younger infant and in the course of three months the response in the same child became considerably greater (Fig. 3) .
Water intake. At 810 F., the intake of boiled water as distinct from the water of the milk mixture was relatively small, ranging from 14 to 302 cc. per day and averaging 97 cc. per day.
The intake of distilled water increased markedly with a rise in environmnental temperature (Fig. 4) ; it ranged from 32 to 347 cc. per day and averaged 168 cc. Likewise, the fall in water intake with a fall in room temperature was striking (Fig. 5) . As were considerably greater with aging ( Fig. 6) , the neonate varying his water intake practically not at all with a rise in environmental temperature. The total quantity of fluid ingested, including the boiled water and the water of the milk mixture, did not change with environmental temperature and was remarkably constant except for a gradual increase with increase in body weight. The total fluid intake averaged 1,016 cc. per day at 810 F and 1,013 cc. per day at 910 F. Likewise, the number of feedings per day was not significantly altered by a rise or fall in room temperature.
Posture. The postural changes observed at high room temperature cannot be quantitated and a subjective description must suffice. Within a few hours after exposure to heat stress all the infants, including a two-week-old infant, changed their predominant postures. The arms and legs were extended widely away from the body to increase considerably the surface of the body available for evaporation and radiation. Figure 7 is a somewhat schematic representation of the postural changes.
The change in total activity with change in temperature was difficult to assess but no consistent alteration in the sleep pattern of these infants was observed. Accurate recording of the duration of sleeping revealed no significant difference at 810 and 910 F.
DISCUSSION
The ad libitum feeding of infants represents a feasible method for the study of the physiological mechanisms regulating food consumption in the human species. Habit and prejudice are poorly developed and, therefore, basic physiological mechanisms can be studied more easily.
The at 810 F.-exactly the accepted value for optimal infant nutrition.9 However, it is obvious from these studies that environmental temperature conditions the feeding behaviour of normal infants, and that the requirements for optimal nutrition must be defined with reference to this temperature. Retardation of growth noted in infants living in the tropics has been attributed in part to a reduced caloric intake.' The physiological mechanisms which bring about this fall in caloric intake with heat stress are unknown. Indeed, the exact mechanisms normally regulating food consumption are the subject of considerable controversy. Gastric motility and the rate of gastric emptying have been considered important factors.6 7"' However, acute exposure to heat stress without change in body temperature decreased rather than prolonged the gastric emptying time in twelve of seventeen adult subjects studied by Henschel, Taylor, and Keys.8 Chronic exposure to high environmental temperatures was not studied in this manner by these workers. 337 j Radiographic study of two of our infants revealed no significant difference in gastric motility at 810 F. as compared with 910 F.
Fever has been known for centuries to reduce food intake; however, there was no elevation of rectal temperature at any time in the infants studied. It is probable that the mean body temperature and therefore the resting metabolism was elevated during heat stress because of a diminished gradient between skin and internal organs. This impairment of heat loss from the body may accentuate the thermal responses to the ingestion of food."" This factor may be of importance both in these studies and those of Brobeck who demonstrated a marked fall in food intake and activity in the rat accompanying a rise in environmental temperature. The preference of infants for milk rather than water is a well-known observation. However, heat stress induced a significant modification of this preference. Although the total fluid intake as milk and distilled water was not increased on exposure to heat, water alone was substituted for fluid containing protein, fat, electrolyte, and the other constituents of milk. The mechanisms responsible for this substitution are unknown and are certainly not simply thirst mechanisms since both mixtures offered were fluids. However, by this substitution definite physiological gains were obtained in the absence of an increased total fluid intake. The reduction in specific dynamic action attained by a reduction in food intake facilitated the adjustment to heat stress. The concomitant reduction in nitrogen intake lowered the osmotic load for renal excretion and thereby led to water conservation in the presence of increased extrarenal losses by evaporation. The reduction in chloride and sodium intake tended to prevent excessive electrolyte retention with hyperosmolarity of the body fluids as noted in previous studies' and thereby facilitated heat loss from the body. Therefore, a reduction in milk intake during heat stress is equivalent, as regards body economy, to an increase in water intake. The younger infants did not react as markedly in their behavioural adjustment. The two-week-old infant actually increased his intake of milk mixture appreciably at 910 F. After three days of heat stress, obvious pitting edema of the lower extremities was present and a marked gain of weight occurred. The infant was strikingly restless and irritable. It is impossible to determine from these studies whether the increase with age in the substitution of water for milk during heat stress is a result of learned behaviour or maturation of regulating mechanisms. This question could be decided by similar studies using as subjects infants of varying ages who had not been previously exposed to heat stress.
The data obtained from these experiments suggest certain considerations of practical value in the care of infants in summer. Dilute feeding mixtures (50 Calories per 100 cc., for example) should be used during heat stress rather than concentrated milk mixtures supplemented by water offered ad libitum after feedings, as is commonly practised. By the use of a dilute feeding mixture an adequate intake of water in relation to calories, protein, and electrolytes is assured.
SUMMARY AND CONCLUSIONS
The intake of water and milk mixture on a self-demand basis was measured in 57 periods in six infants under controlled environmental temperatures of 81°and 910 F.
An increase in water intake and fall in milk intake were noted on exposure to heat stress. The converse occurred when the room temperature fell. These reactions were less marked in the younger infants.
